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(54) UNIAXIAL MAGNETIC ANISOTROPY THIN HLM 

(57)Abstract: 

PURPOSE: To provide a uniaxial magnetic anisotropy thin film, which is a soft magnetic thin 
film, which is high in both of electric resistance and saturation magnetization, and is superior in 
high-frequency characteristics. 

CONSTITUTION: The composition of a uniaxial magnetic anisotropy thin film is shoyn by a 
general formula: Fe100-x-y-zMxNyLz (an atomic %), the M is one kind of the element or two 
kinds or more of the. elements which are selected from among Be, B, Mg. Al, Si. Ca, Ti, Y, Zr, 
Mo. In, Sn, Cs, Ba, La. Hf, Ta. Bi, Pb and W, the L is one kind of the element which is selected 
from between 0 and F, or two kinds of the elements of O and F, the respective atomic ratios of 
the M and the L are set on the conditions of 5$x<25, 01y<1 5, 151z<35 and 28<x+y+z<50 and 
the crystal structure of the uniaxial magnetic anisotropy thin film is chiefly a constitution, which 
consists of a bcc-Fe structure and an oxide phase or a fluoride phase consisting of the M. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

!ll?d°^^^^^ Application! This invention relates to the electric specific resistance which has soft 
magnetic clSracteristics excellent in the RF region, and the big uniaxial-magnetic-anisotropy thin 
film of saturation magnetization. 

[Description of the Prior Art] In recent years, efforts to raise the clock frequency of electronic 
equipment are performed briskly. However, there was nothing that has property sufficient in a RF 
region for the known magnetic material used for a transformer, an inductor or the rnagnete head, 
etc therefore use in the RF region of these components had many limits. Generally, if it becomes 
a RF region 1MHz or more, big loss will generate the magnetic material itself according to the 
flowing eddy current. Since the magnetic material of a metal system had small electric resistance, 
it was difficult for eddy current loss to use it greatly in a RF region. On the other hand, since oxide 
system magnetic materials, such as a ferrite and a garnet, have the very high electnc resistance 
of the ingredient itself, it is comparatively hard to generate the loss by the eddy current. However, 
it was hard to obtain what has big penneability. and since saturation magnetic flux density was 
small, the natural resonance frequency was low. and use in a RF region had many limits. 
[0003] The expectation for a magnetic material with a good RF property with high and saturation 
magnetic flux density is great, and the approach of making high the electric resistance of a metal 
system magnetic material until now is proposed. The method of obtaining a metal and the 
amorphous alloy film which ceramics distributed by coincidence sputtering of ceramics is 
proposed by JP,60-152651.A. Further For example. J.AppLPhys.63(8). 15 April 1988 The Fe-B4 
C system distribution film is CoO.4 FeO.4 B0.2-SiO2 to J.AppL.Phys.67(9) and 1 May 1990. The 
system distribution film is shown as what is compatible in high specific resistance and soft 
magnetic characteristics. Moreover, it is shown to JP,4-142710.A by thick monolayer that soft 
magnetic characteristics are obtained by using as a magnetic layer 0.1 micrometers or less the 
Co0.95Fe0.05-BN system distribution film with which good soft magnetic characteristics are not 
obtained, and soft magnetic characteristics are obtained also for the thick film by carrying out the 
laminating of this thin film on both sides of a nonmagnetic interlayer. 

[0004] On the other hand, it is N2. 02 The method of obtaining the high amorphous alloy film of 
electric specific resistance by reactive sputtering by gas is indicated by JP,54-94428.A. Moreover, 
it is N2 to the creation time of a thin film. If gas is added, it is found out by many alloy systems that 
effectiveness is in an improvement of soft magnetic characteristics, for example, it is indicated by 
IEEE TRANS.ON MAG.MAG-20 1451 (1984). 
[0005] 

[Problem(s) to be Solved by the Invention] It is called for that both the magnetic materials used in 
a RF region have high electric resistance and saturation magnetization. Moreover, in order to 
make degradation of the soft magnetic characteristics by processing distortion etc. into the 
minimum, it is desirable for the magnetostriction constant of a material to be close to zero as 
much as possible. However, Fe / B4 C system distribution film and CoO.4 Fe 0.4B0.2 which are 
reported from the former / Si02 Each system distribution film had ten to five or more forward, very 
big magnetostriction, although it was shown that soft magnetic characteristics are excellent in the 
case of an amorphous phase. On the other hand, although the CoO.95FeO.05/BN system 
distribution film was developed in order to be compatible in zero magnetostriction and high 
resistance, by thick monolayer 0.1 micrometers or more, as for this system, a saturation field and 
coercive force did not show soft magnetism greatly. Then, although it was shown that soft 
magnetism is acquired by carrying out a laminating through a non-magnetic layer, on the other 
hand, this made the saturation magnetization of the whole film decrease, and included the trouble 
that a process also became complicated. 

[0006] Developing soft magnetic materials with a small magnetostriction constant on the other 
hand by making crystal grain of Fe radical alloy detailed in recent years is examined briskly. For 
example. Fe alloy which the carbide of Zr or Ta distributed is obtained, and it is shown by by 
canrying out heat-of-crystallization processing of the amorphous phase produced by sputtering at 
JP.3-1 121 04. A that saturation magnetostriction is small excellent also in soft magnetic 
characteristics. Although it was shown in this alloy thin film that the specific resistance of 100 - 
200microomegacm is obtained by adding aluminum further, in order to control the eddy cuaent 



loss in a RF region, it could not say that it was enough, and the thing of high specific resistance 
also had the trouble that saturation magnetic flux density was small. Furthermore although use 
was presented with these thin films through the process which carries out heat-of-crystallization 
processing of the amorphous alloy thin film, since an elevated temperature [ heat treatment 
temperature / this ] as 500 degrees C or more, they were not able to be used for a component 
unexposable to a substrate without thermal resistance, or an elevated temperature. 
[00071 On the other hand, in order to obtain detailed crystal grain in the condition immediately 
after membrane formation, the approach of forming Fe radical alloy in the ambient atmosphere 
containing N or O is indicated by JP.3.120339.A etc. However, the electric specific resistance of 
the thin film obtained by these approaches was not so big as it could control the eddy cuTOnt loss 
in a RF region. Moreover, in the collection p84 (143) of the 1993 1 12nd Japan Institute of Metals 
spring convention lecture outlines per year, it is a FeHf alloy 02 Although it was shown that the 
amorphous alloy thin film electric specific resistance excelled [ thin film ] in soft magnetic 
characteristics highly by carrying out sputtering in the ambient atmosphere to include may be 
produced, there was no publication about magnetostriction. 

(0008J By the way, the big cause of generating magnetic core loss in a RF region has the 
resonance loss other than eddy current loss which was mentioned above. This resonance loss is 
controlled, so that saturation magnetic flux density and an anisotropy field are high. Although big 
Fe radical alloy of this point to saturation magnetic flux density was promising as a magnetic core 
for RFs, the ingredient which has sufficient RF property was not reported until now ft-om it having 
been difficult to enlarge an anisotropy field compared with Co radical etc. 
[0009] As mentioned above, electric specific resistance was large, magnetostriction was small, 
and the magnetic-thin-film ingredient for RFs which has soft magnetic characteristics also with 
thick good monolayer was called for. This invention was made in view of the above-mentioned 
point, and aims at offering the electric specific resistance which has soft magnetic characteristics 
excellent in the RF region, and the big uniaxial-magnetlc-anisotropy thin film of saturation 
magnetization. 
[0010] 

[Means for Solving the Problem and its Function] Electric specific resistance is high by the 
compound distribution film of the ceramics of an oxide system, and bcc-Fe. and magnetostriction 
is small, and this invention persons are 0.1 micrometers, as a result of trying hard wholeheartedly 
in view of the above-mentioned situation. It found out that soft magnetic characteristics also with 
the above thick good monolayer were obtained. Furthermore, it found out that uniaxial magnetic 
anisotropy could be given by forming these thin films under a direct-current field. In the 
conventional Fe system magnetic thin film, the anisotropy field at this time was so large that it was 
not considered, and also had the thing exceeding 100Oe. These film finds out having the 
outstanding description that a natural resonance frequency is very high because of a big 
anisotropy field, and at least several 100MHz or more of soft magnetic characteristics does not 
deteriorate, and results in this invention. 
[0011] 

[Example] Hereafter, the example of this invention is explained, adding the comparison with the 
conventional compound distribution film etc. BN. SiC. and Si02 etc. - if it observes in a detail with 
a transmission electron microscope etc.. the crystalline structure of the shape of a characteristic 
network will be found out in the condition as it is after membrane formation by the film produced 
by carrying out sputtering of Uie metals, such as ceramics. Fe. and Fe alloy, at coincidence. As for 
the grain boundary phase which is mainly concerned with a ceramic covering the cluster of the 
amorphous substance which is mainly concerned with a metal, or a crystalline substance, and this 
showing electric 2 to 104 times higher specific resistance compared with a metal thin film usual in 
these film, this organization is the main factor, this invention persons considered in the detail the 
effect the combination of Fe and ceramics affects the membranous crystal structure and magnetic 
properties. As a result, the following things were newly found out. The film with the amorphous 
cluster after membrane fomiation shows high electrical-and-electric-equipment specific 
resistance, soft magnetism, and the fonvard big magnetostriction on 10-5, and this inclination 
does not depend on the class of ceramics. On the other hand, when a cluster is a crystalline 
substance, the class of ceramics influences magnetic properties greatly. That is. the film which is 
a crystalline substance where membranes are formed in the case of the compound distribution 
film which consists of nitrides and cariDide, such as BN and SiC. does not show soft magnetism. 
Although soft magnetism is shown, a saturation magnetostriction constant decreases with 



crystallization and the thin film which heat-treated the amorphous phase and the cluster 
crystallized to the bcc-Fe phase on the other hand is improved by ten to six sets, even if it heat- 
treats in the big field of 1 or more kOes, it is hard to give uniaxial magnetic anisotropy. fnerefore a 
RF property is not enough. For example, Fe^i3 N4 In a system, uniaxial anisotropy is lost in the 
process crystallized from an amorphous substance. Moreover, even when a Fe-AIN system thin 
film is amorphous, only the film also with both the isotropic crystal film after heat treatment is 
obtained. In RF region several 10MHz or more, uniaxial magnetic anisotropy bears a more senous 
role than electric specific resistance. That is, the small thing of an anisotropy field has a low 
natural resonance frequency, and since distribution of an anisotropy field also tends to become 
large, serves as high loss and is not suitable for use in a RF region. 

[00121 The film with which, as for the compound distribution film which consists of Fe. an oxide, or 
a fluoride, the cluster became a bcc-Fe phase shows soft magnetism good form [ membranes ] to 
it The following and Fe-Si02 A system is explained as an example. Si02 Many film becomes 
amorphous like a carbide system or a nitride system, and shows soft magnetic characteristics. 
Moreover. Si02 Although little film serves as a crystalline substance, the film which mainly 
consists of a bcc-Fe phase shows soft magnetism in the condition [ having fonned membranes ]. 
The saturation magnetostriction of these film is [ both ] small compared with the amorphous film 
of a carbide system or a nitride to the order of +10-6. and the film which makes especially bcc-Fe 
the main phase is as small as +3x10 to about six enough. Moreover, unlike a nitride system or a 
carbide system, uniaxial magnetic anisotropy can be easily added by adding a static magnetic 
field during membrane formation by these film, and the anisotropy field at this time is 15 with the 
amorphous film. Especially with the film which makes bcc-Fe the main phase with Oe extent 
although it is not big. it is very large and is 100. There is also a thing exceeding Oe. The example 
acquired with soft magnetic characteristics excellent in a big saturation field like this was not 
reported until now. Since the saturation magnetic flux density of this film is as large as 10-18kG. a 
theoretical natural resonance frequency is set to 2GHz or more, 100 - lOOOmicroomegacm and 
since electric specific resistance is also large, there is also little eddy current loss, and it is very 
excellent in a RF property. Thus, it is Fe-Si02 that the film which makes bcc-Fe the main phase 
shows soft magnetism and a big anisotropy. It was not restricted to a system and accepts to the 
compound distribution film which consists of ceramics of Fe, an oxide system, or a fluoride 
system generally. It is brought by the above knowledge and this invention is "general formula. It is 
shown by Fe100-x-y-z Mx Ny Lz (atomic %). M is one sort or two sorts or more of elements 
chosen from from among Be, B, Mg. aluminum, Si, calcium. Ti, Y, Zr. Mo. In. Sn, Cs. Ba, La. Hf, 
Ta. Bi. Pb. and W. L is one sort or two sorts of elements chosen from from among O and F. Each 
rate of an atomic ratio 5<= x <=250<= y <=1515<= z it is <=3528 <=x+y+z<=50. the crystal 
structure mainly consists of the oxide phase or fluoride phase of bcc-Fe structure and M, and it is 
characterized by an anisotropy field being 25 or more Oes - high - soft magnetism thin film [ **** 
]. " - it considers as the main point. 

[0013] The thin film of this invention has [ ceramic ] the network structure which the grain 
boundary phase with which it is mainly concerned covered in the cluster of a metallic crystalline 
substance. It is clear that it is M element and the alloy of Fe on which it depended for the 
presentation of this grain boundary to the presentation of a ceramics target strongly and to which 
the metal cluster was also given not from Fe simple substance but fi-om the ceramics target by 
phase analysis, such as XPS. That is, if a ceramics target is changed, also in a metal cluster 
phase and grain boundary phase, a presentation will change a lot. However, if M is chosen from 
from in this invention among Be. B, Mg. aluminum, Si. calcium, Ti, Y, Zr. Mo. In. Sn. Cs. Ba. La, 
Hf. Ta. Bi, Pb, and W. soft magnetic characteristics can be obtained. This could understand that 
the cause of the soft magnetic characteristics in the thin film of this invention explains as follows. 
That is, the bcc-Fe phase which has high crystal symmetry nature has grain growth barred for the 
network structure of a ceramics grain boundary, and serves as a microcrystal. A FeNbCuSiB alloy 
etc. is sufficient as the bcc-Fe alloy which consists of a microcrystal of moderate magnitude 
showing soft magnetic characteristics, since the magnetic anisotropy of each microcrystal is 
canceled, and it is known. In the thin film of this invention, he is committing the grain boundary 
phase as a "frame" which mainly holds a bcc phase, and it can also be understood alloying of a 
metal phase and that there is no presentation dependency if it thinks that soft magnetic 
characteristics are discovered as long as a bcc phase is maintained. Therefore, in this invention, 
the presentation of M and L is mainly prescribed by formation of the network structure of a grain 
boundary. In order to make the network structure, M is required more than pentatomic %, and 



since saturation magnetic flux density becomes small too much when soft magnetism cannot be 
aS^irS b^^^^^^^^ atom % is exceede(?less than 5% of case is not desirable Although an amoum 
cSnqes with the amounts and classes of M, since L cannot make the network structure under 
Sfs aZ % i?is not desirable, and since soft magnetism will deteriorate or unusual loss will 
occur in a RF region if 35 atom % is exceeded, it is not desirable. On the other hand, it is 
satisfactory even if it will dissolve other elements, if the cluster can be maintaining bcc-Fe 
structure. Even if it changes Fe target into Fe alloy target, this shows that soft 9net^^^ 
characteristics are obtained, while not restricting the class of ceramics target. If the amount of 
permutations is less than 70% which can maintain bcc structore even if it permutes Fe by Co. soft 
maqnetic characteristics are obtained and saturation magnetic flux density can actually be 
enlarged. If it is the range which does not check bcc structure for the same reason even if it is 
other elements, adding to Fe is included in the range of this invention. On the other hand in this 
invention N does the very important operation which is not in other elements. As one of them m 
order that N may act also as an amorphous formation element, making it amorphous by addition 
exceeding 25 atom % is mentioned. In this case, since about [ that a saturation magnetostnction 
constant becomes the big thing which surpasses 10-5 ), and a perpendicular magneto anisotropy 
occurs soft magnetism is lost. Moreover, in the range below 25 atom % by which soft magnetism 
is maintained, an anisotropy field decreases as the amount of N increases. Therefore, the 
magnitude of an anisotropy field is controllable by the thin film of this invention with the 
presentation of N in the film. The magnetization process by rotation magnetization is dominant, 
and permeability is mainly in inverse proportion to an anisotropy field in a high frequency band in 
that case Therefore, it is very effective that an anisotropy field can be adjusted in suitable 
magnitude, however - if N exceeds 15 atom % - etc. - since it becomes **** and the descnption 
of this invention is lost, it is not suitable. In order to acquire the big uniaxial magnetic anisotropy of 
25 or more Oes in this invention, as for N concentration in the film, it is desirable to carry out to 
below 13 atom %. Addition of N in the film can be adjusted also by adding the gas which contains 
N in sputtering gas, although it can carry out even if it adds the target of a nitride. What is 
necessary is for the substrate temperature at the time of membrane formation, spatter **. an 
impression field, etc. to be able to adjust an anisotropy field besides addition of N mentioned 
above in this invention, and just to choose membrane formation conditions suitably, taking the 
frequency and permeability to be used into consideration. 

[0014] Hereafter, this invention is explained in more detail using a concrete example. 

Si02 whose purity is 99.9% so that coverage may become 30% for the [example -1] diameter of 4 

inches on Fe disk whose purity is 99.9% It is Fe-Si02 by carrying out RF sputtering of the 

multicomponent target which installed the plate in the flabellate form. The thin film was produced. 

Membrane formation conditions were set up as shown in the following table -1. 

[0015] Table-1 spatter pressure 1.0x10-2 Torr injection power Whenever [ 90 W set board 

temperature ] 20 degrees C (water cooling) 

Substrate Corning #7059 0.5mm thickness in thickness 2.4-micrometer sputtering gas flow rate 
Ar 10CCM impression field One pair of permanent magnets (40 Oe) 
The obtained sample identified the organization by X-ray diffractometer RAD[ by the physical 
science electrical-and-electric-equipment company ]-3A. A result is shown in drawing 2 The 
broadcloth diffraction peak corresponding to the field (1 10) of bcc-Fe in 2theta is observed near 
44 degree. Next, the result of next having gazed at the detailed tissue of a thin film by 
transmission electron microscope [ by Hitachi, Ltd. ] H-9000 NAR is shown in drawing 3 . The 
organization of the shape of a networic which consists of a cluster whose particle size is about 
50A, and a grain boundary whose thickness is several angstroms is seen, and it is admitted that 
this thin film consists of two phases. Furthermore, an electron diffraction graphic form to these are 
a bcc-Fe phase and Si02. It was checked that it is the similar compound phase. When the 
presentation of the whole film was analyzed with the Rutherford backscattering method, the 
presentation was Fe64Si 1 1024 (atomic %). next, the product made from ARUBAKKUFAI - X- 
ray-spectroscopic-analysis equipment ESCA-5600 performed phase analysis of each element. It 
combines with the thing and O which combine with Fe and fonm the metal phase in Si from the 
peak profile of the binding energy of Si2p. and is SiOx. Although the phase was formed, it turned 
out that there are two kinds of conditions. Thus, the obtained thin film is SiOx with the metal 
phase like an amorphous substance which is mainly concemed with FeSi used as the bcc crystal 
structure. It was checked that he is the detailed organization covered with the phase. Next, direct- 
current magnetic properties were measured by sample oscillatory type magnetometer BHV[ by the 



Riken electronic company J-30SS. A result is shown in drawing 4 . Two data m drawing expresses 
the result excited and measured in the impression direction of the field at the time of membrane 
formation at parallel (//) and a perpendicular (|). The sample has the uniaxial magnetic anisotropy 
from which the direction of a field impressed at the time of membrane formation becomes parallel 
[ an easy axis 1, and the anisotropy field (Hk) is 83. It was very as large as Oe. For the coercive 
force (He) of a sample, easy shaft orientations (Hce) are 2,0. Oe and difficult shaft onentations 
(Hch) are 0 4 It is as small as Oe enough and the fact that the linearity of a hysteresis curve is 
also good shows [ of anisotropy distribution ] that it is [ a thing ] few. Moreover, saturation 
magnetic flux density (Bs) is fully as large as 15.2kG(s). When the electric specific resistance 
(rho) of this film was measured by the direct-current 4 terminal method, even if compared with 
285microomegacm and the usual amorphous alloy, it was 2 to 3 times higher. Next, the frequency 
characteristics of the permeability of difficult shaft orientations were measured by the parallel line 
method by networic analyzer 4195made from YOKOGAWA Hewlett Packard A. The detailed 
explanation about this approach is the Magnetics Society of Japan. Vol.17. No.2. and p497. 
(1993) It is indicated. The result was shown in drawing 5 . Although the film was quite thick, the 
good frequency characteristics which do not deteriorate to 500MHz were shown. It is obtained 
from saturation magnetic flux density, an anisotropy field, and the electric specific resistance of 
this thin film being high, and there being little turbulence, and this being homogeneous. These 
properties were close to the theoretical value calculated from Bs, Hk. rho, and thickness by the 
Magnetics Society of Japan. VoL15, No.2, and the approach currently indicated by p327 (1991). 
[0016] next, the saturation magnetostriction constant of this film - the Naruse science machine 
company make - optical-lever mold saturation magnetostriction measuring device MS-7 - 100 It 
measured under the magnetic field of Oe. Since it was very difficult to survey membranous 
Young's modulus in this measurement, it is 12x103 kg/mm2 of a FeSiB thin band as the value. It 
adopted and calculated. Consequently, magnetostriction showed the very small value of 1 / 5 - 
1/10 compared with the amorphous alloy of +3.0x10-6 and the conventional Fe radical etc. 
It is Si3 N4 so that coverage may become 40% for the [example -1 of comparison] diameter of 4 
inches on Fe disk whose purity is 99.9%. The thin film was produced by carrying out RF sputtering 
of the plate using the multicomponent target installed in the flabellate form. Other membrane 
formation conditions were set up as shown in the following table -2. 
[0017] Table-2 spatter pressure 1.0x10-2 Torr injection power Whenever [ 90 W set board 
temperature ] 20-degree-C substrate Corning #7059 0.5mm thickness in thickness 0.8- 
micrometer sputtering gas flow rate Ar 10CCM impression field One pair of permanent magnets 
(40 Oe) 

The obtained thin film was a bcc-Fe phase like the example -1, as shown in drawing 6 . When the 
membranous presentation was analyzed with the Rutherford backscattering method, it was 
Fe65Si21N14 (atomic %). The direct-current magnetic hysteresis curve by VSM of this thin film is 
shown in drawing 7 . For a sample, coercive force is 14. It was as large as Oe and neither soft 
magnetic characteristics nor uniaxial magnetic anisotropy was shown. In addition. 100 Since 
magnetization was not saturated with Oe. the saturation magnetostriction constant was not able to 
be measured. 

At the membrane formation conditions of the [example -2] example -1 . it is N2 to sputtering gas. 
The Fe-Si02-N film was created adding. Obtained measurement of the membranous crystal 
structure and an electromagnetic property was performed like the example -1 The membranous 
component analysis was analyzed with the Rutherford backscattering method. N in the film is N2. 
It increased as the gas stream quantitative ratio became large. The relation between N 
concentration in the film and an anisotropy field Hk is shown in drawing 1 . It decreased as N 
concentration of Hk increased, and when 15 atom % was exceeded, it became isotropic. 
At the same conditions as the [example -2 of comparison] example -2. it is N2 of sputtering gas. 
The film was created having used the addition ratio as 10%. The X-ray diffraction pattern of the 
obtained film is shown in drawing 8 . The presentation of the film analyzed with the Rutherford 
backscattering method was 26 (atomic %) 901 5Ns of Fe49Si. Since a halo [ broadcloth / near 
about 40 degree ] is seen and there is no other peak, it tums out that it is amorphous structure. 
The direct-current magnetic hysteresis curve of this film is shown in drawing 9 . Coercive force is 
18. A saturation field is 252 at Oe. Soft magnetic characteristics were not obtained very greatly 
with Oe. Although heat treatment to 500 degrees C among a field was furthermore performed to 
this film, magnetic properties have not improved. 
[0018] 



[Effect of the Invention] As stated above, according to this invention, the thin film nriatenal which 
was excellent in the RF property can be offered with a soft magnetism thin film with both high 
electric resistance and saturation magnetization. Since the anisotropy field of the thin film of this 
invention is large, its resonance frequency is high, and it can maintain a good property to a very 
high frequency. Moreover, since the value of permeability does not change to an anisotropy field, 
g property is shown, and the thing excellent in the direct-current superposition property 
can be offered. Since a saturation magnetostriction constant is still smaller at ten to six sets, 
effect of processing distortion etc. can be made into a small thing, and the industrial meaning is 
large. 
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